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Abstract

:

Understanding the complexity of sustainable fashion issues can be overwhelming and a barrier for fashion designers. A number of tools for sustainable fashion design have been developed to aid designers in the integration of sustainability into their design practices. We analyze these to determine their fitness for purpose. Among them, three categories (archetypes) of tools are identified: Universal, Participatory, and Assessment. We propose an innovation framework and a five-dimensional model of sustainability specific to fashion to facilitate the analysis of the tools. Using the archetype categorization may facilitate designers in identifying the most appropriate type of tool for a specific circumstance, depending on context and need.
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1. Introduction


There is widespread recognition that the fashion industry’s current practices have adverse environmental, economic and social impacts [1,2,3,4]. A growing body of literature, resources and tools supports the transition to sustainable practices. Fashion brands around the world are beginning to implement sustainability strategies and large companies, such as Kering, Zara, Nike, and H&M, regularly issue publicly-available reports describing their sustainability activities. Likewise, many fashion micro- and small enterprises (MSEs) are adopting sustainable business practices. This is encouraging, as sectors all across the fashion industry from sportswear, footwear, to luxury labels and lingerie, need to develop sustainable products and services which consider environmental, economic, and social issues throughout their product life cycles and value chains [2,5,6,7].



Designers are repeatedly declared as key agents of change in the transformation to a sustainable fashion industry [1,3,6,7]. Being proactive early in the design and manufacturing process is essential for meeting sustainability goals. The designer’s role is expanding and should include devising courses of action, no longer avoiding the ethical questions associated with producing and consuming fashion [8]. Designers have the opportunity to increase sustainability in apparel design throughout every phase of the garment life cycle [1,9]. The need for designers to consider all phases throughout the design process in making sustainable fashion is a consistent theme in the literature.



To facilitate the shift towards sustainability, new concepts of design have emerged. Arising out of the ideas of “alternative design”, “attitudinal design” and “design for need”, eco-design became a key concept for those advocating for the ecologically responsible design of products [10,11,12,13]. Eco-design is defined as “a design process that considers the environmental impact associated with a product throughout its entire life from raw materials through production and use to the end of its life” [14] (p. 67). Subsequently, design for sustainability (DfS) was developed and as DfS has evolved, DfS has moved from having a technical product-centric focus to recognizing design as a vehicle for large scale systems-level change [15]. In response to the need generated by DfS, a variety of specific tools for sustainable fashion design (“Tools”) have emerged to aid designers.



In order to identify existing tools, we have undertaken a thorough search of the literature and websites (institutions, organizations and NGOs). This resulted in the identification of twelve Tools (Table 1) each of which was developed specifically for use by fashion designers with the aim of improving and developing sustainable fashion. There is a wide variety of tools, some are developed by academic exercises while others are developed as industry partnerships, for example the Higg Index was based on Nike’s Material Sustainability Index [16]. Other tools exist that include textile materials such as the Idemat and Idemat Light app, a very comprehensive impact assessment tool that also includes eco-cost but does not fall within the criteria of this study [17].



Unfortunately, the methods of the tools are not all described in a way that allows for a parallel organization of the tools, their development and methods. For example, addressing availability of the tools becomes difficult as availability changes over time and is dependent on the groups or individuals searching and accessing the tools. The complexity of dealing with all the variations of the tools is beyond the scope of this paper.



The aim of this paper is to explore the existing sustainable fashion design tools, and through a comparative analysis, establish their fitness for purpose—that is, the ability of the tools to support and enhance sustainable fashion practice. This notion of fitness for purpose builds on Harvey and Green [33] (p. 17), who state that fitness for purpose “identifies quality in terms of the extent to which a product or service meets the specifications of the customer." To date, no one has undertaken such an analysis of the range of Tools.



Little literature exists regarding the use of sustainable design tools in the fashion industry. Connor-Crabb [34] examined three tools for sustainable fashion design through interviews with the tool developers to determine barriers and opportunities for tool use. The majority of the literature discusses the development of a particular tool, predominately through the description of case studies [19,20,29,30,31,34,35,36]. Other studies have identified barriers for designers adopting these tools for sustainable design. A key barrier identified is the limited literature is awareness. Fashion designers are not aware of the existence of these tools nor are they using them [34,37]. Even among designers who are aware of sustainable design tools, inadequate knowledge regarding sustainability and lack of time contribute to an inability to effectively select and adapt tools to their practice [10,38].



Prior studies have also noted that learning mechanisms required to use a tool need to complement the way designers work [15,34,38,39]. Information needs to be presented in a style that is suitable for designers [34,39]. Recently, Hur and Cassidy [40] have conducted interviews with fashion designers to identify impediments in implementing sustainability—barriers identified include the lack of design-led approaches for implementing sustainability and perceived trade-offs with other design criteria such as aesthetic styles, costs, and fashion trends. Palomo-Levinski and Hahn’s [41] survey of fashion designers identifies that new approaches and a shift to sustainability in education are needed. There is a scarcity of education and understanding of sustainability in fashion, what real innovation for sustainable fashion should become and tangible ways to enact change in creating clothing. They found 86 percent of respondents agreed “that is was the responsibility of the designer to initiate change” [41] (p. 94).



Learning and use can also become prohibitive as it becomes too time consuming to be carried out on a regular basis [34,39]. This is especially relevant in light of designers citing the lack of consensus and knowledge regarding sustainable fashion and sustainable fashion design as a barrier to its wide scale adoption [37,38]. The complexity of sustainability has made it challenging for designers to implement appropriate solutions [34,38,39]—leading to designers not using or integrating these tools or strategies in their daily design practices [38,39]. This situation highlights an interesting predicament as solutions for sustainability frequently identify designers as key agents of change.




2. Analytical Framework


Solutions for sustainability frequently identify innovation, design thinking, systems thinking, and the use of a holistic perspective. Designers are seen as the nexus of technological integration, implementation, decision-making, creativity and novelty. Sustainable design includes understanding of the many complex and interacting issues that must be taken into consideration [15]. Understanding the complexity of sustainable fashion issues can be overwhelming and a barrier for fashion designers, particularly those new to sustainable design [40]. As suggested by Ceschin and Gaziulusoy [15], to obtain a real and lasting impact, there needs to be a greater understanding of the complexity and interacting issues within sustainable design.



This need suggests approaches set forth by designers should aim to incorporate innovation in all aspects of their practice, vision and goals over time, but also to start simply and build complexity over time. Currently, tools for sustainable design fail to fully take the complex idea of sustainability and simplify it into clear digestible resources and actions that provide the foundation for accommodating increasing complexity over time.



Our analytical approach adopted in this paper incorporates three perspectives: innovation levels, dimensions of sustainability, and the interlinking of these as they effect sustainability in the fashion system. The analytical framework was developed based on a review of the literature and the tools reviewed in this paper.



2.1. Innovation Levels


Sustainable fashion can be achieved by building incrementally from an initial focus on product-level innovation through to more complex system-orientated levels of innovation. Strategies can be differentiated by the level or degree of innovation. The seminal paper on eco-design by Brezet [42] defines four levels of innovation: 1. product-level improvement, 2. product redesign, 3. function innovation, and 4. system innovation. As Brezet notes, there is increasing innovational freedom in eco-design types as you move from product- to system-level innovation. Similarly, Ceschin and Gaziulusoy [15] identify four levels of innovation within DfS that expand in complexity and innovational freedom from product-level innovation to socio-technical system innovation. In their approaches, innovation stops short of considering the nature of the linkages in the fashion system.



Despite a general recognition in the literature of the need to do so, the frameworks proposed by Brezet [42] and Ceschin and Gaziulusoy [15] do not incorporate elements of the system such as resiliency, adaptability and circularity. In addition, sustainability is not static and must continuously evolve within a set of critical limits [43]. The fashion industry must therefore also be understood as a system with a set of critical limits and a natural sense of disorder. Core considerations such as resiliency and adaptability can ensure the fashion system evolves within the identified set of critical limits. Transitioning to circular economies and closed-loop systems is not a static process nor a utopian ideal but rather a system that should adapt and be resilient. A new level of resilient, adaptable and circular (RAC) innovations, introduced in this paper, incorporates these concepts.




2.2. Dimensions of Sustainability


Traditionally models of sustainability include three dimensions: 1. environmental, 2. social, and 3. economic. However, for sustainable fashion design, these can be expanded. Our approach includes a five-dimension model for sustainable fashion by adding 4. aesthetic, and 5. cultural dimensions (Figure 1). The dimension of aesthetic sustainability is reflected at the level of the product while cultural sustainability requires a systems-level approach.



Harper [44] refers to aesthetic sustainability as timelessness, durability and continuous attraction to an object such as a garment. The work of Chapman [9,45] and the recognition for the need for slow fashion by Fletcher [46] demonstrates that aesthetic sustainability is a central consideration to sustainable fashion. Designing for sustainability in fashion must consider the sustainability of an individual’s aesthetic experience [47,48]. Our approach in this paper incorporates aesthetic sustainability as an additional dimension.



The cultural dimension of sustainability derives from the notion that concepts of sustainability generally fail to differentiate among cultural systems, value systems, norms, behaviors and ideas and does not recognize the differences in local economies and ecologies. Cultural sustainability involves a shifting of beyond the consideration of social ethics to an acknowledgement of the exploitation of labor and resources and the legacy of colonization. Essingler [49] notes designers should also consider cultural colonialism as industries develop new paradigms of sustainability and sustainable design. This promotes a more holistic perspectives when designers consider the cultural context for sustainable production and consumption. Modern Western culture has a tendency to focus on piecemeal strategies and/or encourages consumption of sustainable products at a higher price point. The Western solution is therefore often focused on recycling rather than reuse and reduction. Recycling does not seek to discourage consumption but maintains the idea that current consumption rates are okay as long as a recycling system is in place. Within Indigenous cultures, sustainability is inherent to their way of life [50]. The fashion industry should consider the inequities throughout the supply chain as the majority of apparel manufacturing occurs in developing countries. These are also the people and communities that can be negatively impacted by the fashion industry. This is an area of sustainable fashion that is yet to be addressed in the academic literature but has entered the sustainable fashion discourse by academics and practitioners within fashion.



The slow fashion movement advocates for increasing the longevity of the usable life of clothing and slowing down of the fashion system by building slow culture through a lens of systems thinking; key to this is recognizing that a sustainable fashion system needs a shift in culture [46,51]. To transform fashion, collectively, its cultural sustainability must be considered and addressed [40,52]. There is an industry culture that exists within fashion which is reflected through industry norms and values. Cultural sustainability recognizes the processes and the intrinsic qualities and values embedded in a garment.




2.3. Interlinkages


The levels of innovation and the dimensions of sustainability are interlinked and reflect the degree of potential impact of sustainability strategies on fashion. Three levels of impact were recognized as they relate to fashion: 1. “Improvement”, 2. “Challenge” and 3. “Transformative”. Impact refers to the level of which the tool is designed to affect the fashion system. Improvement occurs at the level of the product and tends to focus primarily on environmental impacts. Challenge addresses change in aspects of the existing system and incorporates four dimensions of sustainability: environmental, social, economic and aesthetic. Transformation changes the fundamental nature and behaviors of a system which requires the holistic inclusion of the five dimensions of sustainability.



This is not to say that strategies for product-level innovation are any less effective than those that are transformative. For example, if all fashion businesses switched to using only organic cotton, collectively this would have a great impact, but not a transformational one. An organic cotton product would still exist in an unsustainable system that does not consider additional processing, use or disposal. Transformative impact would be, for example, the use of organic cotton in a garment produced ethically and embedded in a circular closed-loop system that considers all phases of a garment lifecycle from raw materials to end-of-use, and local ecologies, cultures, social systems and economies [53]. Infrastructure and social behaviors and norms would support the ability for circular closed-loop systems to exist, ensuring garments remain in regenerative loops.



To determine the fitness for purpose of the Tools, four objectives were developed: 1. to identify existing tools for sustainable fashion design; 2. to create a systematic approach to identify their character and utility; 3. within each tool, to identify the individual strategies for sustainable fashion design (“Strategies”); and 4. to undertake a critical analysis of the value of the tools as a means for sustainable fashion design. We created a sustainable fashion innovation framework to facilitate the categorization of the Strategies (Figure 2).



2.3.1. Improvement


The Improvement category addresses impacts that operate solely at the level of the product. Strategies that are categorized as Improvement are product-level innovations which seek to improve existing and/or develop novel products [15]. Most seek incremental improvements that are low hanging fruit. While they may also target social dimensions of sustainability, product-level innovations are largely environmentally-driven, insular, and short-term [15,42]. They do not incorporate economic or financial considerations such as new sustainable business models. Approaches, strategies and innovations at the level of the product generally involve one or more of: 1. product improvement, 2. production process improvement, and 3. product redesign. Examples of Strategies categorized within this level include those in which the environmental consideration is the basis for opting for renewable energy sources, designing for reuse, implementing zero waste pattern drafting, and sourcing environmentally friendly or low impact materials.




2.3.2. Challenge


Strategies classified as Challenge are those which focus on impacts that target individual behavioural change. This requires a more holistic perspective and the use of systems thinking. Applying systems thinking within the fashion context entails a broader view of sustainability, one that incorporates four dimensions: environmental, social, economic and aesthetic. Design approaches need to live in new conceptual spaces that consider many more aspects such as the temporality, processes, inputs and outputs of production and consumption of products and services within broader social contexts; essentially shifting to a holistic viewpoint of the fashion system. Systems thinking pushes designers to consider both how the industry is organized, and the resulting behaviors (individual and systems level). Understanding current behaviors opens up exploration into how behavior change principles can encourage people to act in ways that benefit the planet. Those Strategies which address impacts that Challenge the fashion industry have influence at two levels of innovation: 1. product-service social systems, and 2. systems innovation.



Innovations at the level of product-service social system begin to challenge current system norms and operations within the fashion industry. These include changes to the traditional business model in fashion [54]. Product-service systems move away from the traditional linear model that produces individual products towards integrated combinations of products and services. This typically involves the development of new business models with value propositions oriented to satisfy users through the delivery of services instead of products [15]. Integrating sustainability strategies into the role of designers requires that they engage with the models of business [55] and adopt new sustainable models into existing, and for new, fashion businesses [37].



Drawing on Manzini’s [56] ideas of Design for Social Innovation and Ceschin and Gaziulusoy’s [15] spatio-social system innovation type, we propose the product-service social systems innovation for sustainable fashion: a sustainable design approach that integrates products and services that considers societal needs and social innovation at different scales, for example decisions from that of the individual designer to the fashion industry itself. Collaborative work and community building are central to orientating, implementing and sustaining processes of social change through design. This includes consideration of four dimensions of sustainability: environmental, social, economic and aesthetic. Examples of these Strategies categorized within this level include adopting co-design, services for longer or intense utilization, rental services, designing modularity into garments, open-source fashion platforms, and community learning opportunities.



Systems innovations are those which begin to tie together product-level innovation and sustainable business models to the larger existing operations and infrastructure of the industry. Brezet [42] identifies two types of innovation that exist within a systems-orientated lens: 1. the conceptual definition of new products, and 2. the definition of new production systems. These types of innovation necessitate changes to infrastructure and organizations that are required to support products and services [42]. Innovations draw upon systemic design approaches, in which local production systems are designed with waste from one production process becoming input for other processes [15]. Examples of Strategies categorized within this level include design activism, design for social innovation, rethinking durability or creating open-source networks.




2.3.3. Transformative


Transformative Strategies seek to “transform the way clothes are designed, sold, and used to break free from their increasingly disposable nature” [57] (p. 24) in order to achieve a sustainable fashion system. Transformation of this magnitude dictates culture change where social behaviors are the focus. Strategies categorized at this level focus on innovations that emphasize reducing consumption and increasing circularity, adaptability and resiliency within unstable systems. Additionally, the RAC innovation level considers all five dimensions: economic, environmental, social, aesthetic and cultural.



The cultural dimension is an area severely under-addressed within sustainable fashion. Incorporating the cultural dimension ensures we do not propose the same blanket solutions globally and consider local systems. Supporting a sustainable fashion system in France could look dramatically different than what would work in Brazil, Bangladesh or Australia. This includes considerations such as local culture, political climate, economy and infrastructure. A cultural dimension also includes issues around postcolonialism and diversity. Sustainability issues such as climate change and biodiversity loss disproportionately harm the poorest people—the very people who often manufacture fashion clothing [58]. To ensure all stakeholders and voices along the fashion value chain are part of the solution, collaboration and transparency are vital for transformative change that includes new cultural narratives around sustainability.



The fashion industry has become incredibly complex, [40,57] unpredictable and subject to disruption. There is a need therefore to recognize that there is a natural sense of disorder in existing systems, rather than an idealized system that rests in a harmonious balance [43]. Thus, in the transition to circular economies and closed-loop systems, resiliency and adaptability must be a core consideration.



Circularity is key component of transformative change. Redesigning of a linear system towards a circular economy with material regeneration at its core that includes local and global scales and alignment with the various speed cycles that exist in fashion (fast vs. slow fashion). Earley [59] discusses sustainable design strategies and the importance of considering speeds within the context of circular fashion. Circularity requires both that lifecycle phases of a garment be considered at the design stage and that the original design needs to consider the phases within different speed cycles [59]. Circular economies are based on principles of closed loops and are restorative and regenerative by nature. Natural systems are regenerated, and economic growth is decoupled from consumption of finite resources [60]. Design for circular economies considers certain core principles which must be embedded into the design process. Principles such as ensuring “clothes, fabric, and fibres are kept at their highest value during use, and re-enter the economy after use, never ending up as waste” [57] (p. 22).



Design is therefore used to understand and solve complex problems, building upon the various levels of innovation and Strategies. Perspectives are broad and holistic and focus on developing new cultural norms and narratives that support sustainability with a positive impact on the future well-being of earth and its living systems. The goal is radical change that support ecological, economic, social, cultural and aesthetic needs by exploring synergies of multiple approaches, methods and strategies through a lens of systems thinking. Exploring synergies of multiple approaches requires foresight, meaning research and development time is crucial to creating these circular systems, as is openness to new technologies such as artificial intelligence. Artificial Intelligence is crucial to circular economies as it has the capabilities to support faster and more agile learning processes with iterative cycles of designing, prototyping and gathering feedback. This is necessary in a transition to an economy focused on keeping products and materials in use [60]. Designers must embrace their new role which requires a more multi-faceted, collaborative and transparent approach. Examples of Strategies include designing for different speed systems, working within geographic fibresheds (i.e., working with plants, animals, materials and fibres found within the local geography), developing localization and addressing power shifts.






3. Analysis


The framework for the analysis was derived from a close examination of the tools. It was clear that the tools incorporated a wide variety of different sustainability strategies. The strategies were initially coded and categorized by the phases of a garment lifecycle which the tools incorporate. The strategies were also coded based on the five dimensions of sustainability. Based on this initial coding process, it became evident the potential impacts of the strategies differed (i.e., improvement, challenge and transformative).



The analysis of the tools was conducted through the development of: 1. a heatmap, 2. a parallel coordinate plot, and 3. a cluster analysis. Each of these provides a means for the visualization of the nature and relationships among the tools. Initially, the attributes and strategies were identified:




	
The basic nature (the “attributes”) of the tool (i.e., approach, scope, basic structure, purpose, application and character) as described in the instructions, descriptions, reviews and case studies;



	
The strategies (i.e., design types, methods, initiatives, strategies, approaches, and examples).








Categorization of the attributes and strategies was done inductively [61].



3.1. Heatmap Development


Heatmaps have been widely used in the literature to represent row and column hierarchical cluster structures of data in a rectangular colour-shaded matrix display. The matrix is a series of tiles represented by a shade from a colour scale to denote a value of the corresponding element of the data. The heatmap is typically used in the natural sciences to display large, complex data sets with hierarchical cluster trees appended to its margins [62]. For the purposes of this paper, we have used a simplified version of a heatmap as our dataset is considerably smaller than the typical datasets used within the natural sciences for bioinformatics display.



Among the twelve Tools, 520 Strategies were identified (Table 2). Among these, 367 distinct Strategies were identified of which 324 (88%) were classified as product-level innovation, 21 (6%) were product-service social innovation (PSSS), 17 (5%) were system innovation and 5 (1%) involve resilient, adaptable and circular (RAC) innovation. At the product-level, 70% of strategies at this level are unique to a specific tool and not used by any other tool. Among Strategies categorized at product-level innovations, 80% are solely focused on impacts of an environmental nature.



A heatmap (Figure 3) was created which highlights the distribution of the Strategies categorized by innovation levels and system impact. The heatmap indicates the number of Strategies classified at the levels of innovation and impact on fashion for each Tools. Each tool includes a focus on product-level innovation; five are solely designed to do so. Only three tools, CT&R, SFB and Ted’s Ten, incorporate Transformative consideration. The others consider some elements of PSSS, System or RAC, but these Strategies are few in number. The heatmap highlights the interlinking of the innovation levels, potential impact and strategies used. The relationship among strategies, innovation levels and potential impact becomes visible, demonstrating a difference among the various tools.




3.2. Parallel Coordinate Plot


To better appreciate the overall nature of the tools, a parallel coordinate plot (PCP), a useful tool for visually examining multivariate data, was developed. This allows for comparison of multiple design tools among many design dimensions and variables [63,64]. Pousman and Stasko [63] and Wölfel and Merritt [64] have used PCPs to better understand design frameworks by comparing their attributes along various design dimensions. A major advantage of PCP is the capacity for comparison of multiple variables within an identified design dimension (e.g., the scope and the purpose of tool). The aim of applying this method is to determine whether any patterns exist.



To appreciate the benefits of current sustainable design tools, we conducted a survey of their attributes. Initially, four out of the five design dimensions from the Wölfel and Merritt [64] study were deemed to be appropriate: 1. Purpose and Scope, 2. Duration, 3. System, and 4. Formal Qualities. For this study, five additional attributes were identified: 5. Categorization, 6. Accessibility, 7. Format, 8. Scoring/Assessment, and 9. Sustainability Dimensions. These nine design dimensions form an axis, which allows for a visual comparison when tool attributes are plotted along the dimensions, creating the PCP. The axes reflect the unique characteristics of sustainable fashion design identified throughout the coding process. Plotting of the attributes of the twelve Tools across the nine design dimensions allow for any patterns to become apparent. Patterns highlight similarities and differences among the Tools. The Tools are grouped based on similarities and differences to distinguish and identify any archetypes. Graduations within the design dimensions are used to differentiate the Tools [64]. Descriptions of the nine design dimensions and the graduations within each are listed in Table 3.



We identified archetypes by grouping those tools that are generally similar as Universal, Participatory, and Assessment (Figure 4). Three of the Tools are classified as Universal, two as Participatory and seven as Assessment. The tools classified in each of the archetypes share a common set of characteristics. Table 4 provides a summary of these.




3.3. Tools Classification


To provide a holistic visual representation of the Tools we combined all the information into a single figure. We used a cluster analysis approach: a “cluster analysis” being a generic name for a wide variety of procedures that can be used to create a classification [65]. In this study, we used a heatmap and PCP to begin identifying groupings or clusters. By combining the results of the two approaches, we created a graphical representation for the categorization of the Tools, as shown in Figure 5.



Figure 5 was constructed to group the three different archetypes. The vertical axis represents an increasing system impact of the archetypes based on levels of innovation—this reflects the impact on fashion. The circle size indicates the number of strategies within each archetype. For example, Ted’s Ten includes 82 strategies at product-level innovation, 8 strategies at the PSSS level innovation, 3 strategies at the system-level innovation and 3 at the RAC level innovation. Classifying the Tools by level of innovation and count offers an impression of the potential system impact a designer could expect by using a particular Tool archetype. As a composite of the previous figures and analysis, Fig. 4 demonstrates that those tools categorized as Assessment are primarily focused on product level innovations. Tools such as the Higg Index prioritize strategies the reduce environmental impact of product and processes using LCA’s and metric indicators to assess, monitor and improve identified impacts (e.g., reducing water usage or eliminating hazardous chemicals). Those tools that are more conceptual and seek to change how designer’s work (e.g., behaviours and culture) and includes strategies that contextualize sustainability beyond the product. For example, Ted’s Ten promotes design activism, a strategy that moves beyond products to consider designing events and communication strategies, targeting behaviours, lifestyle and culture change [32]. The designer assumes a role of a social innovator to activate positive societal changes for a sustainable fashion system.





4. Discussion


This study offers the first comparative analysis of the Tools and an evaluation of their fitness for purpose for fashion design. Only one study has examined three tools through interviews with developers to determine barriers and opportunities for use [34]. The majority of studies into design tools typically document the development of a tool through a case study (e.g., [27,28]). Essentially, the literature demonstrates much work is still needed as many barriers still exist for tool adoption and the integration of sustainability into design practices by designers for a variety of reasons.



To better understand the landscape of Tools within fashion, this study resulted in the creation of a Sustainable Fashion Innovation Framework and the identification of three tool archetypes: Assessment, Participatory and Universal. The Assessment tools differ significantly in the number of strategies they incorporate. However, they all primarily focus on the environmental dimension of sustainability—with social dimensions also considered in a minority of the tools. The purpose of these Tools is to aid designers throughout the design and product development process. They highlight the potential impacts a designer would encounter. These tools have been primarily developed through industry partnerships. The Participatory tools are characterized very specifically by engaging the consumer in the design process. These are specialized approaches that use co-design as their framework. The premise is that sustainability is enhanced when consumers are involved in the design and product development process as their perceptions and values towards garments are altered. These tools provide strategies to facilitate the concept. The Universal tools are inspirational in their character. They are a compendium of the various sustainable design methods, approaches, strategies, information sources and examples. They offer the greatest breadth of opportunity for integrating sustainability into the design process; however, they have limited to no instruction for use. These tools give the greatest freedom for designers to make choices about their design practice which may make them appealing.



Many of the Strategies identified overlap and are complementary. Solutions to sustainability do not exist in a vacuum, they must be holistic and be able to build upon each other as they increase in complexity. Tools should look to guide designers in how to frame the problem and consider alternative lenses when designing. These findings may help designers find new ways of combining Strategies and Tools that complement one another. Most designers begin working on sustainability in one area, like sourcing more sustainable materials, eliminating bad chemicals from products, or focusing on fair trade labor practices. While those efforts make a difference, sustainability does not start and stop with one initiative alone. Tools should be viewed within a landscape of tools where tools tackle different facets of the issues the fashion industry is facing; for example, Assessment tools pair well with those from the Universal or Participatory archetypes. Universal tools that suggest co-design methods could direct designers to Tools categorized as Participatory.



Key findings from this analysis include tool access and awareness, barriers for uptake, positive attributes and recommendations for tool development. Many barriers for tool uptake by practitioners were identified. One of the critical issues is tool accessibility. Tool access is problematic for several reasons. The majority of sustainable fashion designers are MSEs [37]; there is a financial barrier (especially for Assessment Tools) as membership, or consultation fees are quite expensive as they (e.g., Higg Index, Made-By, Cradle-to-Cradle, C2CAD) have been developed by and for large corporate businesses. In addition, these tools typically require extensive expertise, time commitments and third-party auditing. As these Assessment Tools are intended for designer use, they are quite technical and require training or learning for use. In reality, they do not speak to designers, can be confusing and difficult to use as they have been found to be unappealing to fashion designers, cited as being too technical and scientific [37].



Distinct from those designed for large corporations, each of the Universal and Participatory Tools was the result of a project-based academic initiative. These tools were developed for designers working in small companies. To provide access for fashion designers they have minimal to no cost. These tools experience barriers due to a lack of the funding that allows the tools to be updated and readily available; in addition, funding may not be available for tool testing, customizing, updating and promoting as these are dependent on time and resources within the scope of a project [34]. Certain tools are no longer available online or for purchase.



Tools that are available for free are difficult to find as they exist in different platforms and spaces such as websites, journals, academic books, apps or physical cards. This begs the question how designers with limited resources, time and access would successfully locate these tools. If designers are able to locate these tools, implementing tools independently at the very least requires an investment of time on behalf of the user [34,39], a difficult endeavor for MSE fashion designers.



There is also no guidance for designers as to what tool is most appropriate for them. These tools tackle different facets of the sustainability issues within fashion and therefore have specific focuses and concomitant limitations. As suggested by Connor-Crabb [34], successful implementation in practice is contingent on how clearly the application and limitations of a tool is described. What we found is certain tools are suited to be used together and inter-changeably. Tools currently exist in vacuums with little guidance on how to use them as a suite that work with each other. As stated previously, these tools contain many different Strategies which could leave designer’s perplexed as to which Strategies are best suited for their goals and business, which ones they should implement, how to implement and in which order. Organizing Strategies by innovation level and impact could potentially assist designers in choosing which product level innovation strategies best suit the long-term goals and vision of a designer or business. The last barrier is tool appeal. Tools must be appealing to designers to use. This includes aspects such as format (app, cards, model, text), aesthetics (use of graphics and symbols over text) and ease of use. The literature cites the most popular and appealing tools to use were those in a card format [64]).



Learning is required to use the tools and implement Strategies recommended by the tools. Research and reading are necessary for developing fundamental knowledge and tool usage is dependent on a designer’s level of knowledge. Learning and using tools is time-consuming. This includes planning, implementation, action, monitoring and sustaining a sustainability plan. For designers, this adds time and cost to activities such as sourcing materials, vetting factories and auditing/monitoring factories and their supply chain. The financial commitment and resources are quite high as they require costly initial investments upfront before any product is even sold. This can be a high-risk endeavor for MSE businesses. The complexity of sustainable fashion itself can be an overwhelming task for designers, especially sustainable fashion design entrepreneurs. Given this complexity, we find the guidance or “how-to” component of the tools to be minimal. All of the tools contain many Strategies and a variety of forms of ancillary information. This typically entails providing descriptions, definitions, examples and further readings but lacks the “how-to” component to integrate these strategies into a fashion business and design practice.



Tools that were seen as easiest to use as an independent or MSE designer were those that provided examples, case studies and provided further reading. These tools are in a card format and available as free downloads. The format of the Assessment tools is suitable for experts in sustainable production and supply chain management rather than designers. The Universal and Participatory tools are better suited for MSE designers while it was found the Assessment tools are more suitable for large corporations. Large corporations were involved in the development of some of the tools (e.g., Higg Index, C2C). Only large corporations have the capabilities and resources to implement dedicated teams for their use.




5. Conclusions


Given the variety of tools available, several recommendations are offered for tool developers based on the fitness for purpose of the tools. First, there are advantages for tools to be developed to work with other tools. Lofthouse [39] highlights the significance of tool suites as “nothing does everything” and no tool “offers a one-size-fits-all solution” [10] (p. 557). Second, tools should be targeted to how designers work; they must speak their language. Tools that tended to be more visually based and intuitive were those that were developed in conjunction with designers (e.g., Sustainable Design Cards, Ted’s Ten). Third, context is extremely important, and tools should identify the best context for their use or be developed for specific contexts (e.g., workshops, daily use, strategic planning). Designers need to consider and embed transformational Strategies if the industry is to enact the change needed for a sustainable fashion system. Fourth, Strategies categorized at the Transformative level are minimal in number and developers should consider including higher level Strategies to assist designers with the transition to a sustainable fashion industry. The final recommendation would be to rethink the role of the designer beyond a creator of garments; MSE designers often fulfill multiple roles [37] and tools should acknowledge these. This can include tool support, training workshops or opportunities to work with academic researchers in tool development.



This study contributes the first comparative analysis of the fitness for purpose of the existing tools for sustainable fashion design, resulting in the identification of three tool archetypes: 1. Universal, 2. Participatory, and 3. Assessment. To analyze the tools, we developed an innovation framework to categorize the Strategies contained within the Tools. Four levels of innovation have been proposed: 1. product-level, 2. product service social systems level, 3. systems level and 4. resilient, adaptable and circular level. We found that the majority of the Strategies presented by the Tools were limited to product-level innovations. The impact of Strategies categorized at the product-level is limited to improvements rather than transformational change. Assessment tools predominately prescribed to Strategies that are categorized as product-level innovation and addressing the environmental dimension of sustainability. The interrelation between the archetypes, the innovation framework and strategies reinforce the notion that sustainability can be approached at multiple levels. For designers, sustainability must be approached in manageable pieces (product-level innovation and associated strategies) but are related and moving towards the bigger systems thinking vision that a designer has established (through to RAC innovation and associated strategies). By establishing a vision and long-term goal that seeks transformational impact, a designer can select appropriate and manageable strategies, directly related to their long-term goal, that improve and challenge the current system. Designers are therefore working within this duality of a very specific focus embedded within a systems thinking big picture lens—moving within the two.



The Universal and Participatory tools contained Strategies found within all innovation levels and are most suitable for MSE designers. Therefore, in terms of fitness of purpose, the Universal and Participatory tools are deemed to be most appropriate for designers based on the results. The Universal and Participatory tools are also well-suited for use in conjunction with Assessment tools. Through the analysis, we have identified barriers, opportunities and further recommendations for tool developers. We have also proposed a new sustainability framework specific for fashion that includes five dimensions: 1. Environmental, 2. Economic, 3. Social, 4. Aesthetic and 5. Cultural. We find that to build a sustainable fashion industry, designers should consider and incorporate the proposed five dimensions of sustainability for fashion and the four levels of innovation throughout their design process.
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Figure 1. Five dimensions of sustainable fashion. 
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Figure 2. Sustainable fashion innovation framework. 
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Figure 3. Heatmap of strategies for sustainable fashion design. 
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Figure 4. Parallel coordinate plot of the Tools. 
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Figure 5. Classification of Tools. 
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Table 1. Tools for sustainable fashion design.
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	Tools
	Description





	Considerate Design (CDT) [18]
	A simple visual tool for designers to assess the environmental impact of a product or particular design on eight dimensions: 1. concept design, 2. materials, 3. manufacturing, 4. use phase/consumer, 5. customization and personalization, 6. durability/longevity, 7. transport, and 8. end of use/disposal



	Considered Take and Return (CT&R) [19]
	Developed from a designer’s point of view especially for small scale production. The tool is based mainly on of: 1. Cradle to Cradle; 2. Slow Fashion; and 3. Functional Design. The model establishes a core category called “considered take and return” within which all other categories are integrated.



	Cradle to Cradle Apparel Design (C2CAD) [20]
	The C2CAD model was developed to provide guidelines for apparel designers and manufacturers by integrating the Cradle to Cradle model into two existing apparel design and production models [21,22]. The model identifies four main steps where designers and manufacturers should consider environmental impacts in their decision making.



	Cradle to Cradle Certified Product Standard (C2C) [23,24]
	C2C, a not-for-profit organization, created a product standard framework for quality assessment and innovation built upon circular thinking, a biomimetic approach of design and science. C2C Certified created a Fashion Positive Materials Collection, a digital resource of certified materials. The C2C Products Innovation Institute has also created a sub organization entitled Fashion for Good offering a “How-To” guide for implementing the C2C Certified Product Standard for garment manufacturers.



	Higg Index Material Sustainability Index (HIMSI) [16]
	An assessment scoring tool that measures the environmental sustainability impacts of materials for use in apparel and footwear products. Originally developed by Nike in 2012, the MSI was adopted by Sustainable Apparel Coalition and integrated into the Higg Index. The Higg MSI is publicly available and intended to be used during a product’s design phase to understand its predicted impact.



	Higg Index Design and Development Tool. Rapid Design Module Beta Version (HI) [16]
	A product development and design tool that measures the environmental impacts of apparel, footwear and textile products. The RDM provides designers/developers with an internal facing score out of 100 points. The objective of the tool is to engage designers/developers to reduce impact.



	MADE-BY (MB) [25]
	A performance tracking tool created by Made-By, a not-for-profit organization, to support fashion brands and retailers improve their sustainability performance. The tool was designed in collaboration with industry professionals and sustainability experts. Verification and scoring are conducted by Made-By on a yearly basis.



	Nike Making App (NMA) [26,27]
	A designer specific assessment tool that ranks the environmental impacts of materials used in apparel and footwear products. The objective is to provide a reference guide that compares impacts of materials in an accessible easy-to-use format. Materials are rated out of a score of 50 points. The Nike MSI provides the data for the model, an app available as a free download from iTunes.



	Sustainable Design Cards DSKD (SDC) [28,29]
	A set of design cards developed to increase an apparel product’s sustainability through longevity. The tool was created as part of a collaborative case study between Design School Kolding (DKSD) and Kopenhagen Fur, a local fur manufacturer. The cards are available as a free download and are intended for fashion designers.



	Sustainable Fashion Bridges Ideation Toolkit (SFB) [30]
	This ideation toolkit is a design thinking tool intended to encourage designers to consider sustainability from the onset of the design process. The ideation tool includes a set of 60 cards using a co-design approach intended to be used by fashion designers and highly engaged users during the ideation phase of the design process.



	Sustainable Fashion Design Model (SFD) [31]
	A model with the aim to support designers in the integration of sustainability strategies within the design process. The tool requires designers to identify negative impacts and employ appropriate strategies to reduce or eliminate the impact. Developed over 5 years using empiric interviews, examination of garments and practice-led inquiry and is presented from a life cycle perspective.



	TED’s TEN [32]
	A practice-based sustainable design tool developed by Textiles Environment Design, a research centre based out of the University of Arts London. The design cards are intended to assist designers in creating textiles and apparel that reduce the environmental impacts of fashion products through a layered design thinking approach.
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Table 2. Categorization of strategies for sustainable fashion design (SSFD) by impact and innovation level.
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Impact and Innovation Level




	
Improvement

	
Challenge

	
Transformative

	
Total




	
Product

	
PSSS

	
System

	
RAC






	
Count of unique SSFD

	
324

	
21

	
17

	
5

	
367




	
Total count of SSFD

	
466

	
28

	
18

	
8

	
520




	
Count of environmentally focused SSFD

	
375

	
14

	
8

	
0

	
397








PSSS: product-service social innovation; RAC: resilient, adaptable and circular innovation.
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